Altered expression of genes regulating cell growth, proliferation, and apoptosis during adenosine 3',5'-cyclic monophosphate-induced differentiation of neuroblastoma cells in culture.
An elevation of the intracellular levels of adenosine 3',5'-cyclic monophosphate (cAMP) induces terminal differentiation in neuroblastoma (NB) cells in culture; however, genetic alterations during differentiation have not been fully identified. To investigate this, we used Mouse Genome U74A microarray containing approximately 6000 functionally characterized genes to measure changes in gene expression in murine NB cells 30 min and 4, 24, and 72 h after treatment with cAMP-stimulating agents. Based on the time of increase in differentiated functions and their status (reversible versus irreversible) after treatment with cAMP-stimulating agents, the induction of differentiation in NB cells was divided into three distinct phases: initiation (about 4 h after treatment when no increase in differentiated functions is detectable), promotion (about 24 h after treatment when an increase in differentiated functions occurs, but they are reversible upon the removal of cAMP), and maintenance (about 72 h after treatment when differentiated functions are maximally expressed, but they are irreversible upon the removal of cAMP). Results showed that alterations in expression of genes regulating cell growth, proliferation, apoptosis, and necrosis occurred during cAMP-induced differentiation of NB cells. Genes that were upregulated during the initiation, promotion, or maintenance phase were called initiators, promoters, or maintainers of differentiation. Genes that were downregulated during the initiation, promotion, or maintenance phase were called suppressors of initiation, promotion, or maintenance phase. Genes regulating growth may act as initiators, promoters, maintainers, or suppressors of these phases. Genes regulating cell proliferation may primarily act as suppressors of promotion. Genes regulating cell cycle may behave as suppressors of initiation or promotion, whereas those regulating apoptosis and necrosis may act as initiators or suppressors of initiation or promotion. The fact that genetic signals for differentiation occurred 30 min after treatment with cAMP, whereas cell-cycle genes were downregulated at a later time, suggests that decision for NB cells to differentiate is made earlier and not at the cell-cycle stage, as commonly believed.